Eating disorders are an important and growing health concern, and bulimia nervosa (BN) accounts for the largest fraction of eating disorders. Health consequences of BN are substantial and especially serious given the increasingly compulsive nature of the disorder. However, remarkably little is known about the mechanisms underlying the persistent nature of BN and the socioeconomic groups that are most likely to be at risk. Using a unique panel data set on young women and instrumental variable techniques, we document that unobserved heterogeneity plays a role in the persistence of BN, but strikingly up to two thirds is due to true state dependence. Our results, together with support from the medical literature, provide strong evidence that bulimia should be considered an addiction. We also …nd that African Americans are more likely to exhibit and persist in bulimic behavior than Whites; as are girls from low income families compared to middle and high income families. These results stand in stark contrast to the popular conceptions of who is most likely to experience BN, and we argue that this is due to di¤erences in the diagnosis across racial and income classes. Our …ndings have important implications for public policy since they i) provide direction to policy makers regarding which adolescent females are most at risk for BN, and ii) suggest that the timing of the policy is crucial: preventive educational programs should be coupled with more intense (rehabilitation) treatment at the early stages of bingeing and purging behaviors. Our results are robust to di¤erent model speci…cations and identifying assumptions.
Introduction
Eating disorders are an important and growing health concern in the United States. According to the National Eating Disorders Association (NEDA, 2008) , approximately 9 million women in the US struggle with an eating disorder (ED). To put this in perspective, in 2005, approximately 4.5 million people had Alzheimer's disease and about 2.2 million had Schizophrenia. Bulimia nervosa (BN) accounts for the highest number of ED incidents and disproportionately a¤ects women. 1 Over the last decade 6 to 8:4% of female adolescents reported purging to lose weight (National Youth Risk Behavior Survey, 2005) , and approximately 2:2% of young women struggled with clinical BN in the unique panel data set we use, the National Heart, Lung, and Blood Institute Growth and Health Study (hereafter the NHLBI Growth and Health survey).
In addition, children report su¤ering from BN at ever younger ages. The average age of onset is between 14 and 25, but the behavior is increasingly seen in children as young as 10 (Cavanaugh and Ray, 1999) . Furthermore, only about half of the patients diagnosed with BN fully recover, many experiencing bulimic episodes for decades (Keel et al., 2005) .
Bulimia is characterized by recurrent episodes of "binge-eating" followed by compensatory purging.
2 There are serious health consequences from these binge and purge cycles including electrolyte imbalances that can cause irregular heartbeats, heart failure, in ‡ammation and possible rupture of the esophagus from frequent vomiting, tooth decay, gastric rupture, muscle weakness, anemia, and malnutrition (American Psychiatric Association, 1993) . The impact on adolescents and children is even more pronounced due to irreversible e¤ects on physical development and emotional growth.
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Given the number of people a¤ected, the seriousness of the e¤ects, and the persistence of the disorder, BN is a primary health issue. However, public campaigns targeting BN remain scarce, as recently noted by the Senate Committee of Appropriations, who expressed concern about the "growing incidence and health consequences of eating disorders among the population"
(Department of Health and Human Services, 2006) . 4 In contrast, there is a major push to reduce obesity, and this comes at a cost that receives little or no attention: campaigns …ghting obesity could move individuals who are currently bingeing on food to engage in both bingeing and purging behaviors leading to all the negative consequences that arise from BN. 5 Thus policy aimed at BN has an important role to play. However, implementation of such a policy is di¢ cult given how little is known about the disorder, as realized by the Senate Committee that emphasized the need for research on the incidence of EDs across demographic groups. For example, popular culture portrays BN as a¤ecting relatively a-uent White women who are highly educated, or come from high income family backgrounds but, to our knowledge, there is no multivariate analysis to con…rm or deny this assertion. 6 Thus it is not clear whom should be targeted by public health campaigns. This paper will provide insights on the socioeconomic groups that are more at risk. Also, it is not clear whether the persistence in BN is due to individual heterogeneity (i.e., some girls have persistent traits that make them more prone to bulimic behavior, but they are not in ‡uenced by past experience) or true state dependence (i.e., past BN behavior is an important determinant of current BN behavior) (Heckman, 1981a) .
Distinguishing between the two explanations has important policy implications. If true state dependence is the most important cause of persistence in BN, and this re ‡ects an addictive component, then it is reasonable to expect that the longer an individual experienced BN the less responsive she will be to policy aimed at combatting the behavior. In this respect the timing of policy is crucial. This is true both in terms of preventive educational programs aimed at instructing girls about the deleterious health e¤ects of BN, as well as treatment interventions.
Moreover, we do not know whether the role of state dependence is the same across racial and economic groups; if it is much stronger in some groups then early intervention should pay special attention to these groups. This is the …rst paper to i) exploit longitudinal data on individuals'history of bulimic behavior to separate state dependence from individual heterogeneity in BN persistence and ii) to draw a link between true state dependence and the psychiatric and biological literatures on addiction.
We also consider static and dynamic linear, Tobit, Ordered Probit and Probit models to investigate the relationship between BN and socioeconomic status; estimating these models permits us to address the limited dependent nature of our measures of bulimic behavior. We also examine the relationship between BN and personality characteristics (such as body dissatisfaction, the majority of ED programs were in high schools.
perfectionistic tendencies, and feelings of ine¤ectiveness and distrust). The medical literature has found univariate correlations between these variables and BN, which may be driven by unobserved genetic factors. We examine whether these personality characteristics continue to be individuality important even when we condition on all of them, demographic variables and a …xed e¤ect to capture unobserved heterogeneity. The empirical …ndings may justify public health campaigns targeted at improving body satisfaction, or reducing feelings of ine¤ectiveness and distrust, for reducing BN. 7 Moreover our results for personality characteristics may o¤er a relatively direct way to …nd women at high risk of BN.
We document a number of interesting facts. First, we …nd that up to two-thirds of BN persistence is due to true state dependence, and the past four years of behavior positively and signi…cantly impact current behavior after controlling for individual heterogeneity. This suggests that policies aimed at instructing a wide range of young women on what constitutes bulimic behavior, and urging them to get help, will be most e¤ective if provided in the early stages. 8 Further, we make the case for treating BN as an addiction, rather than only as a disorder. This change would put those exhibiting BN on equal footing (from a treatment reimbursement perspective) with individuals abusing drugs or alcohol. In some states this is a current policy issue, 9 and in the majority of the states treatment for alcoholism and drug addiction is covered whereas treatment for ED is not covered in as many states (Center for Mental Health Services Report on State Parity Laws, 2008) or is inadequate.
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Second, there are important racial and class issues in BN behavior. African Americans are more likely to exhibit and persist in bulimic behavior. The estimates suggest that the impact of past behavior on current behavior is four-fold higher among African Americans.
Finally, the incidence of bulimic behavior is decreasing in income, and girls from low income 7 The power of self-esteem programs for reducing the incidence of ED is demonstrated by the pilot study of O' Dea et al. (2000) . They study the e¤ect of an interactive school-based, self-esteem education programs on body image, eating attitudes, and weight loss behaviors in a group of 470 students. After one year students in the treatment group presented signi…cantly greater body satisfaction, while control at risk students signi…cantly decreased their body weight.
households exhibit the highest persistence. These …ndings stand in stark contrast to the popular conceptions about BN, and we argue below that this re ‡ects dramatic di¤erences in diagnosis across race and income classes. This in turn has the important implication that much greater outreach for BN be made to African Americans and to individuals from low income families.
We also …nd that engaging in bulimic behavior is associated with higher body dissatisfaction, feelings of ine¤ectiveness, and perfectionism. Finally, our results are robust to changes in estimation methods and model speci…cations and illustrate the importance of using appropriate econometric techniques when studying medical phenomena from survey data.
The outline of the paper is as follows. In section 2 we present a brief review of the ED and addiction literatures. In section 3 we describe the data and present basic statistics on the incidence and persistence of BN. We outline our methodology for studying BN incidence and present our static results in section 4. In section 5 we present our methodology and results for the dynamic models. In section 6 we interpret our results in the light of medical, biological, and epidemiological literature to relate BN behavior to other behaviors usually considered addictive.
We conclude in section 7.
Literature Review and Background
The extent of BN in the population, while estimated by several long-term outcome studies as being high, remains unknown. Further, while previous studies have demonstrated di¤erences in education and socioeconomic status for the prevalence of obesity (Lauderdale, 2000; Reeder et al., 1997; Robinson et al., 2001) , consistent estimation of the multivariate relationship between factors such as education, social class, and race for the prevalence of BN is relatively rare. To our knowledge the only paper that establishes stylized facts on the connection between demographics, socioeconomic status, and BN is Striegel-Moore et al. (2000) . They provide descriptive statistics of BN incidence in the NHLBI Growth and Health Study. They report that BN is more prevalent among African Americans and that bulimic behavior is higher among girls with low-educated parents. They indicate that this relationship continues to hold in a multivariate setting, but do not report those results. More importantly, they do not consider the dynamic aspects of BN nor issues of persistence or state dependence, which are a primary focus of this paper. Hudson et al. (2007) document the prevalence of various types of ED behaviors among women and men using data from the National Comorbidity Survey Replication. They do not examine the relationship of ED with any other socioeconomic factors, nor consider a multivariate setting. Reagan and Hersch (2005) estimate the multivariate e¤ects of socioeconomic factors on bingeing behavior. They investigate the frequency of binge eating (but not purging) using data from the Detroit metropolitan area. They …nd that there are no race and age e¤ects on bingeing behavior (holding constant gender and obesity status), and that marital status, neighborhood, and income play a role among women.
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Unlike Reagan and Hersch (2005) we focus on BN (both binge eating and purging) and we have additional cross-section variables such as parent's education, and somewhat wider geographic variation. Finally, we also explore the association of BN with personality disorders and body dissatisfaction.
In addition, our work di¤ers from all these papers along many important dimensions i) we consider dynamic models and distinguish between persistence due to individual heterogeneity and true state dependence; ii) we allow for racial and income di¤erences in persistence; iii) we examine the case for treating BN as an addiction and relate our results to those from the medical literature; and iv) we consider nonlinear and …xed e¤ects estimators appropriate for limited dependent variables.
Our work is motivated by evidence that bulimics persist in their behaviors. For example, 35% of individuals who engaged in past bulimic episodes do so in the future (Keel et al., 2005) .
Further, only about half of the patients diagnosed with BN fully recover, many experiencing bulimic episodes for decades. The increasingly compulsive nature of ED behaviors suggests that BN may represent an addiction. The ED literature indicates that there is biological support for an addictive interpretation of BN and some studies have found that genetic factors may play a role in BN incidence (Lilenfeld et al., 1998; Bulik et al., 2003) . Speci…cally, the auto-addiction-opioid theory posits that ED is an addiction to the body's production of opioids (see Vandereycken 2006 for a survey). Starving, bingeing, purging, and exercise increase endorphin levels, resulting in the same chemical e¤ect as that delivered by opiates. Medical research provides further support of this hypothesis. For instance, Bencherif et al. (2005) compare women with BN to healthy women of the same age and weight. They scan their brains using positron emission tomography after injection with a radioactive compound that binds to opioid receptors. The opioid receptor binding in bulimic women was lower than in healthy women in the area of the brain involved in processing taste, as well as the anticipation and reward of eating. This reaction has been found in other studies of addictive disorders, including drug addiction and gambling. Finally, some studies in the biological literature suggest that there may be a genetic component to BN beyond the production of opioids (Bulik et al., 2003) .
Patients diagnosed with BN are likely to su¤er from other psychiatric disorders. In a 11 It is somewhat unusual to condition on obesity, since current obesity will be a function of past bingeing. six-year study, Fitcher and Quad ‡ieg (1997) found that 80% of BN patients su¤ered from comorbid psychiatric conditions. The most common include depression, anxiety, substance abuse, and personality disorders.
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The source of the high comorbidities is not known, but some studies suggest that common familial (Mangweth et al. 2003) or genetic factors (Walters et al. 1992 ) may be attributed to comorbid mood disorders. 13 We investigate which personality characteristics are important in a multivariate setting where we also control for demographics, and we allow for the possibility that this relationship is driven by a genetic factor that a¤ects personality characteristics and BN.
The relative importance of state dependence versus individual heterogeneity in explaining the persistence in BN has been neglected in the literature. In this respect, our work is related to the empirical literature on separating state dependence from unobserved heterogeneity and to the empirical literature on addiction (see, e.g., Becker, Grossman, Murphy, 1994; Baltagi and Gri¢ n, 2001; Labeaga and Jones, 2003; Gilleskie and Strumpf, 2005 ; for a survey see Chaloupka and Warner, 2000) .
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There is also a small literature examining whether addiction to food may be a contributing factor to the rise in obesity. For example, Cawley (2001) (Cawley, 2001) and to carbohydrates (Richards et al., 2007) . The large and growing literature on obesity is related to our work in the broad sense that it pertains to food consumption, but is otherwise unrelated given that women su¤ering from BN are characterized by average body weight (Department of Health and Human Services, 2006) .
Data
We use the NHLBI Growth and Health survey, which includes girls from schools in Richmond, California and in Cincinnati, Ohio, as well as from families enrolled in a health maintenance organization in the Washington, DC area. 15 The survey was conducted annually for ten years, 12 See the scienti…c papers cited in Department of Health and Human Services (2006) . 13 See Borghans et al. (2008) for a discussion of the relevance of personality traits in predicting social and economic outcomes. 14 Becker, Grossman and Murphy (1994) used the framework of Becker and Murphy (1988) to examine whether addiction to cigarettes is rational, i.e. whether individuals consider that, due to the addictive nature of the behavior, their actions today will a¤ect their future behavior and utility. For addiction to be rational, both leads and lags of the behavior should (positively) a¤ect current behavior after controlling for unobserved heterogeneity. We have too short a panel to consider a model of rational addiction. 15 Unfortunately, because of con…dentiality concerns, the data do not indicate in which of these three sites an individual lives. Selection of potential schools was based on census tract data that showed approximately equal and began in 1988 when the girls were aged 9-10. 16 It contains substantial demographic and socioeconomic information such as age, race, parental education, and initial family income (in categories). The data also contain a number of time-varying psychological or personality indices (re ‡ecting the potential for personality disorders).
A notable aspect of the data is that all individuals were asked a number of questions about their bingeing and purging behavior. For each respondent the data contain an Eating Disorders Inventory index developed by a panel of medical experts, which was designed to assess the psychological characteristics relevant to bulimia (Garner et al., 1983) . Thus a major advantage of these data is that all sample participants are evaluated regarding BN behaviors, and a BN eating disorder index is developed for each participant independent of any diagnoses or treatment they have received. This stands in contrast to many data sets, where often a measure of ED or BN behavior is only available if the respondent had been diagnosed with, or was being treated for, an ED. However, if individuals from certain income or racial groups are more likely to seek treatment for an ED, results based on data from diagnosed individuals can present a very misleading picture of the incidence of EDs. Indeed we present evidence below that suggests this is a real problem, not just a potential one.
The NHLBI Growth and Health survey was constructed to have equal numbers of African Americans and Whites, and to have approximately equal representation across di¤erent income groups for African Americans and Whites (Kimm et al., 2002) . While it is not a nationally representative sample, the strati…cation by race and income are ideal for examining the role that these demographics play in the incidence and persistence of BN. For example, we would need a much larger (and nationally representative) sample to examine di¤erences between Whites and African Americans. Whether our coe¢ cient estimates are useful for examining national trends depends on the degree of parameter heterogeneity. For example, if equations describing the incidence and persistence of BN have constant coe¢ cients, our results will be nationally representative for Blacks and Whites; if the coe¢ cients di¤er, say across urban and rural locations, our results can be thought of as estimating the urban coe¢ cients. Since we treat race and family income as exogenous, there is no bias from stratifying on these variables. 17 fractions of African American and White children, and the least disparity in income and education between the respondents of the two ethnic groups. The majority of the cohort, selected via the Health Maintenance Organization (HMO), was randomly drawn from a membership list of potentially eligible families with nine (or ten) year-old girls. A small percentage was recruited from a Girl Scout troop located in the same geographical area as the HMO population. 16 The attrition rate after ten years was 11%.
17 If coe¢ cients di¤er across the nation in other ways, one could obtain nationally representative estimates by reweighting. Given our emphasis on the role of race and income, we have not used reweighted data.
To the best of our knowledge the NHLBI Growth and Health survey has not been used previously in economics, so we now describe the data and variable construction in some detail.
The data consist of ten waves of 2379 girls. Starting in 1990, when the girls were aged 11-12, the survey contains questions on BN behavior that were asked approximately every other year (in waves 3, 5, 7, 9, and 10). The questions were formulated to be consistent with the clinical de…nition of BN and were adjusted to be easy to understand for young respondents.
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The survey reports an Eating Disorders Inventory Bulimia subscale for each respondent (hereafter the ED-BN index), which measures degrees of her behavior associated with BN.
The ED-BN index is constructed based on the subjects responses ("always"=1, "usually"=2, "often"=3, "sometimes"=4, "rarely"=5, and "never"=6) to seven items: 1) I eat when I am upset; 2) I stu¤ myself with food; 3) I have gone on eating binges where I felt that I could not stop; 4) I think about bingeing (overeating); 5) I eat moderately in front of others and stu¤ myself when they are gone; 6) I have the thought of trying to vomit in order to lose weight, and 7) I eat or drink in secrecy. A response of 4-6 on a given question contributes zero points to the ED-BN index; a response of 3 contributes 1 point; a response of 2 contributes 2 points; and a response of 1 contributes 3 points. For instance, if a respondent answers "sometimes"to all questions, her ED-BN index will be zero. The ED-BN index is the sum of the contributing points and ranges from 0 to 21 in our data. Note that the answers to the individual questions are not available in the data.
A higher ED-BN score is indicative of more BN related problems that are characterized by uncontrollable eating episodes that may be followed by the desire to purge. According to the team of medical experts that developed the index (Garner et al., 1983) For this reason, we will refer to a value of the ED-BN index of greater than 10 as clinical bulimia for the remainder of the paper. The ED-BN index is widely used in epidemiological and ED studies (Rush et al., 2008) .
The NHLBI Growth and Health survey also contains questions used to construct four other indices based on psychological criteria. These indices were developed by a panel of medical 18 Clinical criteria for BN, according to the Diagnostic and Statistical Manual of Mental Disorders fourth edition (American Psychiatric Assocation, 2000a), requires the cycle of binge-eating and compensatory behaviors occur at least two times a week for three months or more and that the individual feel a lack of control during the eating episodes. Due to data restrictions, we cannot examine the prevalence of anorexia nervosa.
19 See Garner et al. (1983) for more details of the development and validation of the ED-BN index.
experts (see Garner et al., 1983 for a discussion of the association of these personality characteristics with EDs). The four additional indices measure a respondent's potential for personality disturbances, and below we refer to these indices collectively as the "personality indices."The …rst index is a measure of each girl's dissatisfaction with her body. This index is reported every year and is a sum of respondents answers to nine items intended to assess satisfaction with size and shape of speci…c parts of the body. Hereafter we refer to it as the body dissatisfaction index. We also use three additional indices that are based on psychological criteria, measuring tendencies toward: perfectionism (hereafter the perfectionism index), feelings of ine¤ectiveness (hereafter the ine¤ectiveness index), and interpersonal distrust (hereafter the distrust index).
These indices are available in waves 3, 5, 9, and 10 and thus overlap with the ED-BN index availability, with the exception that the ED-BN index is also available in wave 7. For ease of exposition, we provide details on the questions used to form the personality indices in Appendix A. In all cases a higher score indicates a higher level of the personality characteristic.
We report variable means, standard deviations, and the standard errors for the mean values of the NHLBI Growth and Health sample in Table 1 Table 2 illustrates the univariate relationship between the demographic variables, the ED-BN index, and BN incidence. In the upper panel, for a given demographic group, we present the mean, standard deviation, and the standard error of the mean for the ED-BN index in columns 21 In almost 20% of the individual-wave observations, the girls report being depressed (they were asked about their problems with depression in waves 7 and 9). Those who are depressed have statistically signi…cant higher ED-BN indices and incidence of clinical BN. The high comoribity of depression and ED behaviors is well-documented (see Department of Health and Human Services, 2006). We do not include depression as an explanatory variable in our analysis due to problems associated with reverse causality from BN to depression, for which we do not have an adequate instrument. The issue of reverse causality from BN to depression does not seem to have been recognized in the previous literature. index measures, i.e. the possibility that it might capture obesity (binge eating) instead of BN behaviors since, if this were the case, we would expect that higher ED-BN scores would be associated with a higher body mass index (BMI). However, BMI is decreasing in ED-BN for African Americans. Moreover, for African Americans average BMI for girls with an ED-BN index above 5 is lower than average BMI for girls with an index of 5 or lower (22:48 versus 24:72, respectively). Similarly for Whites, average BMI associated with an ED-BN index above 5 is lower than that associated with an index of 5 or lower (20:55 versus 22:14, respectively).
These statistics strongly suggest that the ED-BN index is not an obesity index.
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Both the ED-BN index and the incidence of clinical BN decrease as parental education and family income increase, and again these di¤erences are statistically signi…cant at standard con…dence levels.
These results suggest that BN is more problematic among African American girls, girls from low income families, and girls from families with low parental education. Thus they stand in sharp contrast to popular conceptions about the incidence of BN. One possibility is that these univariate results will disappear once we condition on the personality indices, and that some will disappear once we condition on the other demographic variables. However, the results in the next section indicate that the di¤erences for race and family income persist in a multivariate setting even after conditioning on the personality characteristics indices. In the lower panel of Table 2 we present the univariate correlations between each of the personality indices with both the ED-BN index and the incidence of clinical BN. In all cases these correlations are positive and statistically signi…cant at the 1% level.
Finally, we present summary statistics on the persistence in the ED-BN index and the incidence of clinical BN to motivate our dynamic estimation. To look at persistence in the index we consider four categories of the ED-BN index: equal to 0, in the range [1 5], in the range [6 10], and greater than 10. Table 3 provides the transition rates across two year intervals for these categories. Note …rst that the higher is the ED-BN category the lower is the probability of having an index value of 0 two years later (i.e., at time t + 1). Second, the higher the category for the index in t, the more likely the ED-BN index lies between 6 and 10 in t + 1. Finally the higher the ED index in t, the more likely is the girl to be in the greater than 10 category at t + 1, i.e., the more likely she is to have clinical bulimia. For instance, the conditional probability of having clinical BN in t + 1 given that a girl has it in t is 20%, while the same probability for someone with a ED-BN index in the range [1 5] in t is 2% and it is less than 0:05% for someone with an index equal to zero in t.
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If we simply look at the correlation between the index in t and the index in t + 1, we estimate it to be 0:48, and, not 22 This result is consistent with the DSM-IV, which states that bulimics are characterized by average BMI. 23 The same general pattern comes through when we consider a more narrow breakdown of the ED-BN index. surprisingly, this estimate is very statistically signi…cant. We draw two conclusions from these results. First, there is substantial persistence in the ED-BN index and the incidence of clinical BN, motivating our use of dynamic models. Second, the …rst set of transition rates indicates that knowing the value of the ED-BN index is important for predicting the incidence of clinical BN in t + 1; so simply aggregating the ED-BN index into an incidence of clinical BN would discard valuable information. Indeed our results presented below show that coe¢ cients are of the same sign when we analyze the ED-BN index and the incidence of clinical BN, but the former are much more precisely estimated.
Static Models of BN
In this section we examine the predictive role of socioeconomic status (SES) and personality indices in the incidence and intensity of bulimic behaviors. These results are policy relevant as they provide insight into which girls are at the greatest risk for BN and thus guide the direction of future outreach.
Empirical Models
We consider results from four model speci…cations: i) a linear regression structure that treats a zero value of the ED-BN index as lying on the regression line; ii) a Tobit structure for the ED-BN index; iii) a linear probability model (LPM) for the incidence of clinical BN (i.e., a value for the ED-BN index greater than 10) and iv) a Probit model for the incidence of clinical BN. It is important to note that the ED-BN index function is based solely on behavior and is not in any way based on diagnosis. This is an advantage if, as we argue below, certain groups are much more likely to seek medical attention for bulimic behavior. 24 We …rst use these models to examine the relationship between the ED-BN index and the SES. We then augment these models by including personality indices as explanatory variables since the medical literature suggests that these indices will be very highly correlated with the ED-BN index. To begin we estimate a linear regression (projection) of the observed value of the ED-BN index on the independent variables:
where X it is a vector of explanatory variables (demographics and the personality indices described above) for individual i at time t, a t is a time dummy (which we sometimes drop), i 24 We do not know whether the respondent has been diagnosed with, or is being treated for, clinical BN.
is an individual-speci…c e¤ect and v it is a contemporaneous shock. To begin with we treat i as uncorrelated with the explanatory variables, and cluster the standard errors by individual to control for correlation across time due to individual components, as well as the induced heteroskedasticity in the linear models.
For the Tobit, we assume that the latent variable underlying the ED-BN index is
where the change in notation is obvious. The observed value, y it ; of the ED-BN index is
We begin by assuming that i is an independently and identically distributed (across individuals) N (0; 2 ) individual-speci…c random e¤ect and that e it is i.i.d. N (0; 2 e ) (over time and individuals). We then estimate the model by forming a quasi-likelihood of the period by period observations and cluster the standard errors by individual. 25 We compare the regression coe¢ cients to the Tobit partial e¤ects, and …nd (as one would expect) that they are very similar for the static models.
We discussed in section 3 the possibility that the personality characteristics may be driven by time constant genetic factors. If these time constant genetic factors also a¤ect BN, the individual speci…c component of the error term in the ED-BN equations will be correlated with the personality characteristics, and the coe¢ cients on these independent variables will not be consistently estimated. To allow for correlated individual e¤ects in the regression, we …rst di¤erence and only the time-changing independent variables remain. Also, as in any …xed e¤ect model, to estimate these equations consistently we need to assume that the personality indices are strictly exogenous, conditional on the …xed e¤ect. 26 This rules out feedback from current values of the error term to future values of the explanatory variables. The strict exogeneity assumption may be more reasonable for the perfectionism, ine¤ectiveness and distrust indices than for the body dissatisfaction index, since a shock to BN behavior today may a¤ect one's body dissatisfaction tomorrow. Thus we also estimate models where we only include these personality indices and exclude the body dissatisfaction index.
In the Tobit models, we use the Chamberlain (1984)/Wooldridge (2005) (hereafter C/W) approach to allow for correlated random e¤ects. 27 Speci…cally, for the Tobit model of equation (2) we assume that i = 1 X i + u i where X i is the vector of means of the explanatory variables across time, u i iid N (0; 2 u ). This yields
We again maximize the quasi-likelihood and cluster the observations across individuals when calculating standard errors.
We also consider Probit and LPM speci…cations as robustness checks on the regression and
Tobit results. The signs should be similar to the models discussed above, but we expect the parameters to be less precisely estimated since these models use much less information. To allow for …xed e¤ects we di¤erence the LPM and use the C/W approach with the Probit model. 
Static Results
In Perhaps equally surprising as the results for African Americans, the index is also signi…cantly decreasing in family income; being middle income lowers the index by about 0:38 (a 32% reduction relative to the mean) as compared to the lowest income group, while being in the highest income group lowers the index by about 0:49 (more than a 40% reduction relative to the mean) as compared to the lowest family income.
Having the highest parental education signi…cantly lowers the index by 0:31 (a 26% reduction of the mean value) as compared to those with the lowest parental education, while having parents with some college education lowers the ED-BN index by a (signi…cant) 0:20. When we include year dummies (the lower panel of Table 4 ), only the coe¢ cients for age are a¤ected, and these coe¢ cients are now estimated imprecisely. This latter result is not surprising given we do not have much variation in age at the start of the sample, so the girls in our sample tend to act like a single cohort. Finally, the Probit partial e¤ects and LPM coe¢ cients in columns (3) and (4) respectively, have similar signs as the linear regression and Tobit coe¢ cients, but as expected, are much less likely to be statistically signi…cant.
The regression and Tobit results for race, income and education are substantial, statistically signi…cant, and present a challenge to the widespread perception that bulimia primarily a¤ects privileged, White teenagers. Further, as we show below, these …ndings remain even after we condition on personality characteristics. An interesting question is why does this divergence between our results and popular conceptions occur? We believe the explanation is straightforward: popular opinion appears to be based on who has been diagnosed with an eating disorder, not (the potentially larger and di¤erent group) of those who exhibit BN behavior. The difference would appear to arise because girls who are African American and/or come from low income families are much less likely to be diagnosed with an ED conditional on having an ED. This is supported by results from a companion paper (Goeree, Ham and Iorio, 2008 ) in which we use data from the National Longitudinal Study of Adolescent Health (ADD Health) and consider two groups of women: those who are diagnosed with an ED and those who engage in bingeing and purging behavior. We …nd that diagnosis is more likely among high-income Whites (consistent with popular opinion), but the incidence of bingeing and purging behavior is consistent with the results we report here.
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These results illustrate the importance of having objective information on behavior rather than only data on diagnoses, and have the 29 We included quadratic e¤ects in age. The estimates imply that going from age 12 to 14 (14 to 16) decreases the ED-BN index by 0.20 (0.15). 30 In Goeree, Ham, and Iorio (2008) we use ADD Health to address di¤erent issues. The ADD Health data are not a long enough panel to allow us to estimate dynamic models needed to investigate the persistent nature of BN. policy implication that outreach should be made to low income and African American girls. 31 We next look at the e¤ect of the personality indices on the ED-BN index, holding constant the demographic variables. As we noted in the related literature section, it is well known that patients diagnosed with BN are also likely to su¤er from other psychiatric disorders such as depression, anxiety, or substance abuse. We do not include these variables for two reasons: data limitations (we only observe depression, and then only in 2 waves), and it is not clear which way the causality would go, i.e., abusing food may lead to depression and anxiety. As noted above, this reverse causality may also occur with body dissatisfaction, and thus we estimate most of our models with and without body dissatisfaction. Table 5 contains the results for the linear and Tobit models where personality indices are included as explanatory variables and the year dummies are dropped. We begin by estimating the linear model in levels and column (1) presents results with the distrust, ine¤ectiveness and perfectionism indices (but not the body dissatisfaction index) used as explanatory variables, while in column (2) we also include the body dissatisfaction index. Note …rst that race, age and family income, but not parental education, are still statistically signi…cant when we condition on personality indices (independent of which ones we condition on), although the size of the income di¤erentials, but not the race di¤erential, is substantially reduced. Second, the ine¤ectiveness, perfectionism and body dissatisfaction indices, but not the distrust index, signi…cantly a¤ect the ED-BN index in the direction expected. Third, the e¤ects of increases in the personality characteristics are substantial. Since the personality indices and the ED-BN are (almost) continuous variables, it is perhaps most illuminating to consider elasticities measured at mean values from Table 1 . Using the estimates in column (2), we …nd large elasticities of the ED-BN index with respect to the ine¤ectiveness, perfectionism, and body dissatisfaction indices are 0:56, 0:68, and 0:25, respectively. Alternatively, a (separate) …ve point increase in the ine¤ectiveness index and perfectionism index each increase the ED-BN index by about 1:3 and 0:7 respectively, while a (separate) …ve point increase in the body dissatisfaction index increases the ED-BN index by about 0:2. Note that each of these e¤ects is substantial when compared to the mean ED-BN index of 1:2.
Column (3) reports the …rst di¤erence estimates of the linear model, which will eliminate an unobserved genetic …xed e¤ect that could potentially drive both the personality indices and the ED-BN index.
32 These results are quite similar to those from the level estimates in terms 31 Girls from White and/or high income families may be receiving treatment that mitigates BN behavior. Then, if this is true, in the absence of any treatment, African Americans and Whites, or low-and high-income girls, may not di¤er in their propensity for BN. Even if this is the case, there still is a large untreated group (e.g., African Americans and low-income families) currently overlooked at whom outreach should be aimed. 32 The demographic variables are measured at the start of the survey and thus drop out of the …rst di¤erence of the magnitude and signi…cance of the coe¢ cients on the personality indices. 33 In this case, the elasticities of the ED-BN index with respect to ine¤ectiveness, perfectionism, and body dissatisfaction indices are 0:42, 0:66, and 0:30 respectively. Note that these are very similar to what we found when we do not allow for a …xed unobserved e¤ect that could be causing a spurious correlation between the personality indices and ED-BN index.
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As a robustness check, column (4) presents the results with C/W correlated random e¤ects, where the signs and signi…cance of these estimates are reassuringly similar to the …rst di¤erence estimates. This comparison is helpful as it suggests that parameter estimates in the nonlinear models are not biased by the more restrictive assumptions necessary to use the C/W approach, since we cannot use …rst di¤erences in the nonlinear models.
Columns (6) to (8) In columns (5) and (8) we include race-income interactions after controlling for personality indices for linear and Tobit models, respectively. The base case is African Americans from the lowest income households. The coe¢ cients indicate the low and middle income African
Americans have the strongest tendency towards bulimic behavior. More speci…cally, among model. 33 The only di¤erence being that the coe¢ cient on distrust is statistically signi…cant and has an (unexpected) negative sign. Note that the distrust coe¢ cient is signi…cant and has the expected sign in the Tobit regression. 34 We cannot use the standard formula to do a Hausman test for the null hypothesis that there is no correlation between the personality indices and the …xed e¤ect since the estimates in column (2) are not fully e¢ cient due to heteroskedasticity and intra-individual correlation. Instead, we could use a bootstrap approach to obtain a standard error for the di¤erence in the coe¢ ents between columns (2) and (3), but given how close the estimates for the personality indices are in (2) and (3), this step did not seem necessary.
African Americans, girls from high income households have an ED-BN index that is 34% (at the mean ED-BN) lower than girls from low income families. However, among Whites, low income girls have substantially higher propensity toward BN than both middle and high income girls.
Further, middle (high) income Whites present an ED-BN index that is 48% (36%) lower than low income African Americans. Finally, among the lowest income households ethnicity still plays a signi…cant role: the ED-BN index for Whites drops by about 25% (of the overall mean).
Thus there appear to be interesting race-income interactions in BN.
BN Persistence: State Dependence or Individual Heterogeneity?
Our goal in this section is to study the degree of persistence in bulimic behavior, and to decompose this persistence into that due to state dependence (i.e., BN behavior in the past has a causal e¤ect on BN behavior this period) and that due to observed and unobserved heterogeneity (i.e., some girls have persistent traits that make them more prone to bulimic behavior). We then discuss racial and income di¤erences in persistence.
Empirical Dynamic Models
We begin with the most basic model
where y it 1 is the lag of the observed value of the ED-BN index and we drop the year dummies for ease of exposition. 36 The least squares estimate of 1 will re ‡ect both observed and unobserved heterogeneity as well as true state dependence. To account for observed heterogeneity we include current explanatory variables X it to obtain
The parameter 1 will now re ‡ect both unobserved heterogeneity and true state dependence, and we are particularly interested in the role of the latter in the persistence in (5). To address this issue we take two approaches. First, we assume that i and v it are uncorrelated with X it and its lags and use the time changing portion of X it 1 as excluded instrumental variables 36 If we add time dummies in any dynamic model the only real change is that age becomes very insigni…cant.
(IV) 37 when estimating (5) to obtain an estimate of 1 that re ‡ects only state dependence.
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Second, we relax the assumption that i and v it are uncorrelated with X it and its lags by following Anderson and Hsiao (1981) and Arellano and Bond (1991; hereafter AB) . Speci…cally, we …rst di¤erence (5) to obtain
and estimate the parameters by 2SLS using y it 2 and lagged X i as IV under the assumption that v it is uncorrelated over time. These are valid IV under the assumption that v it is not correlated over time; below we test this assumption and …nd that we cannot reject it. Taken together, the results of the two approaches are informative of whether our estimates are sensitive to our identifying assumptions.
For the Tobit model, we start by considering the simplest latent variable equation
where e i are (unobserved) individual-speci…c random e¤ects and e it is an uncorrelated (over time) error term, both of which are normally distributed. The estimate of ' 1 will capture observed and unobserved heterogeneity and true state dependence. To account for observed heterogeneity we add explanatory variables X it to obtain
where now the estimate of ' 1 will re ‡ect unobserved heterogeneity and true state dependence.
To capture only the latter, we follow Wooldridge (2005) and assume that
where X i denotes the mean value of the explanatory variables, y i0 the initial condition, and c i an individual speci…c error term. This yields
37 We could use additional lags of the explanatory variables as IVs but this would reduce our sample size considerably. 38 Note that as in any empirical study, there is the possibility that some of the X it will be measured with error; for example, if this occurs in one of the personality indices then the IV estimator of 1 will be biased through the correlation of the predicted y it 1 and the mismeasured variable. The bias will not be made any worse if the lagged value of the personality index is measured with error as long as the measurement error is uncorrelated over time; for example if each period's score for one of the personality indexes equals the true score plus an independent shock. Of course, there will be further bias if the measurement error in the personality index is correlated over time, since the the predicted y it 1 will be directly correlated with the error term in (5).
We estimate this dynamic model by MLE where the estimate of ' 1 re ‡ects only true state dependence. Note that restricting the initial condition to depend on the initial observation of the ED-BN index in our sample is less of a problem because have data on the respondents when they are young girls, and hence it seems reasonable to assume that y i0 does in fact capture initial conditions.
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As a robustness check we also estimate a dynamic Probit model (using the Wooldridge procedure) and a dynamic LPM for the incidence of the ED-BN index being greater than 10.
We describe the models in more detail in the online Appendix (Goeree, Ham, and Iorio, 2009 ). Table 6 contains our parameter estimates for the linear model. In column (1) we consider a model where the only explanatory variable is the (assumed to be exogenous) lagged dependent variable; its coe¢ cient is estimated at 0:44 and, not surprisingly, it is very statistically signi…-cant. Regarding the e¤ect of past ED-BN experience on current behavior, the coe¢ cient can be interpreted as an elasticity since we would expect the mean of a variable and its lag to be equal.
Results for the Linear Model
We obtain a relatively large estimate of the elasticity of 0:44:To look at the magnitude of the coe¢ cient in another way, an individual with a lagged ED-BN index of 5 would have a current ED-BN index over two points higher than someone with a lagged index of 0; this di¤erence is almost 150% of the mean value of the ED-BN index. After we add the demographic variables and the personality indices in column (2) the lag coe¢ cient drops to 0:35 and is insensitive to including body dissatisfaction in column (3). This demonstrates substantial persistence in BN behavior that can be due to both unobserved heterogeneity and true state dependence. To focus on the latter, in columns (4) and (5) we treat the lagged dependent variable as endogenous, and we estimate the levels equation by 2SLS using the time changing component of X it 1 as excluded IV. Column (4) reports a lagged coe¢ cient of a little less than 0:19, suggesting that over half the variation in persistence attributed to unobserved heterogeneity and state dependence is actually due to the latter. 40 This essentially suggests an elasticity of 0:2 for the e¤ect of lagged BN on current behavior. To put this another way, the expected ED-BN index for someone who has a lagged value of the ED-BN index equal to 5 compared to someone who has a lagged value of 0 would be higher by 1:0, approximately 80% of the mean value of 1:2.
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This result does not change if we include body dissatisfaction as an explanatory variable in column (5).
As is standard practice, we consider two diagnostics for our 2SLS estimates in columns (4) and (5) The estimates in columns (4) and (5) are consistent if the individual e¤ect is uncorrelated with the explanatory variables. As noted above, we also present the results of using the AB approach of di¤erencing before using 2SLS. However, this approach may be too rich for the data since we lose a substantial number of observations, in part because the questions used to form the personality indices (excluding body dissatisfaction) were not asked in wave 7.
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To address this potential problem we assume that the personality index values vary smoothly from wave 5 to 9, and we estimate the model using interpolated values of the personality indices in wave 7, which doubles our sample size. To see whether this imputation is likely to a¤ect our results, we present the 2SLS estimates of our basic model using the imputed data (with and without body dissatisfaction) in columns (6) and (7). Comparing the results in columns (6) and (7) to those in columns (4) and (5) respectively, indicates that using the imputed data diminishes the role of true state dependence by about one …fth, but that the coe¢ cient on the lagged value is still highly signi…cant. The results in column (8) show a highly signi…cant lag coe¢ cient of around 0:21 when we implement the AB approach on the imputed data. The coe¢ cient estimates remain the same when we include body dissatisfaction as an explanatory variable in column (9). As noted above, we test the null hypothesis of no dependence in the residuals and cannot reject this null, indicating that our AB estimates are consistent.
In summary, we …nd that i) there is substantial persistence in BN and ii) over half of this persistence is due to true state dependence. Further, the magnitude of the e¤ect suggests that it is quite important. These results are robust to changes in the explanatory variables and identi…cation strategy.
So far we have focused on models where state dependence is constant across race and income class. Table 6 column (6), where the lag is not interacted with race or income. In the remaining columns we use the socioeconomic indicator of focus interacted with the lag of the perfectionism and ine¤ectiveness indices as IV. For example, in column (2) we allow the persistence to di¤er by race, where the IV are race interacted with the lagged personality indices. Column (2) indicates that much of the persistence in the overall sample is driven by the behavior of African American girls. Indeed, the estimate for persistence among Whites is very small and signi…cant (0:05), while it is substantial and signi…cant for African Americans (0:21). In column (3), where we consider income di¤erences in persistence, we observe that the strongest persistence is in low income families, as the estimated coe¢ cient on the lagged behavior is signi…cant and very large at 0:32 (given we are instrumenting and imputing personality indices). It falls to 0:17 for middle income families and is essentially zero for girls from high income families. These results show interesting race and income e¤ects of the persistence in BN behaviors, complementing our results from the static models. 
Results for the Tobit and other Nonlinear Models
The Tobit partial e¤ect estimates are given in Table 8 . Column (1) presents estimates of the model where the only explanatory variable is the lagged dependent variable, and the estimated partial e¤ect is 0:27. In column (2) we control for observable heterogeneity by including demographic variables and personality indices (except for body dissatisfaction), and the partial e¤ect of the lagged dependent variable falls to 0:20. Column (3) includes body dissatisfaction as an explanatory variable, and the lag coe¢ cient does not change.
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In order to control for unobserved heterogeneity in columns (4) and (5) we include correlated random e¤ects using the C/W approach, where we exclude and include body dissatisfaction, respectively. The estimates of 0:19 and 0:18 capture true state dependence, and represent about two-thirds of BN persistence, estimated at 0:27 in column (1), which re ‡ects observed heterogeneity, unobserved heterogeneity, and true state dependence. Further, the persistence estimates in columns (4) and (5) are approximately equal to those in columns (2) and (3) respectively, suggesting that state dependence plays a much larger role than unobserved heterogeneity.
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The estimated partial e¤ects from the Probit and LPM models are of similar sign to the linear and Tobit estimates, but fewer estimated coe¢ cients are statistically signi…cant. This is expected since the Probit and LPM use much less information per person. Indeed, our estimates illustrate the importance of not focusing on whether an individual has a clinical case of BN for understanding the determinants of the disorder. We report these results in our online Appendix (Goeree, Ham, and Iorio, 2009 ).
6 BN State Dependence: Does it Re ‡ect an Addiction?
As discussed previously, this is the …rst quantitative attempt to separate individual heterogeneity from state dependence in bulimic behaviors. We …nd that up to two-thirds is due to true state dependence. Measuring addiction has a long tradition in economics. In this section, we further examine the potential addictive nature of BN as it relates to the medical de…nition of addiction. We believe that this is an interesting issue per se; moreover this discussion has substantial policy relevance.
We start by examining the medical de…nition of addiction and document a number of aspects of BN behavior that are consistent with it. According to the DSM-IV, in order to be classi…ed as an addiction, a behavior or substance abuse must satisfy at least three of seven criteria in a given year: 1) experiencing a persistent desire for the substance or an inability to reduce or control its use, 2) tolerance (more is needed for the same e¤ect), 3) use of the substance continuing despite known adverse consequences, 4) withdrawal, 5) taking a larger amount of the substance or taking the substance for a longer period, than was intended, 6) spending much time seeking or consuming the substance or recovering from its e¤ects, and 7) use of the substance interfering with important activities.
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We focus on the …rst four criteria. It is straightforward to note that BN ful…lls criterion 1 (inability to control its use) as one of the diagnostic criteria for BN involves loss of control over the eating process.
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Regarding criterion 2 our …nding of true state dependence is a necessary condition for BN to exhibit tolerance.
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One could not reach this conclusion without using appropriate econometric techniques to distinguish between persistence due to true state dependence and that due to unobserved heterogeneity. 49 However, we must consider competing explanations that generate state dependence in BN, but that do not involve tolerance or increased use over time. For instance, it may be the case that individuals are initially uncertain of the deleterious side e¤ects associated with bulimia, but they slowly learn through experimentation that BN is harmful. The slow learning explanation for state dependence has the implication that the longer girls have experienced bulimic behavior in the past the less likely they are to experience it in the future. To explore the potential for slow learning in explaining state dependence, we …rst consider an AR(2) process and then construct an "intensity" stock variable that is the sum of the ED-BN index over all previous periods. We also consider an alternative "threshold" stock in which past behavior contributes to the stock only if the girl 46 Further, note that to be diagnosed with a physiological dependence it is necessary that either criteria 2 or 4 be met; thus physiological dependence is netiher necessary nor su¢ cient for the medical de…nition of addiction. 47 In addition to loss of control over eating, in a recent study, Corwin and Grigson (2009) note that other diagnostic criteria for bingeing related disorders approximate the DSM-IV criteria for addiction. These include binge-type consumption, (i.e., criterion 5); bingeing is followed by inappropriate compensatory behavior (i.e., criterion 3); bingeing occurs at least twice a week for 3 months (i.e., criteria 5). Their argument is not based on an empirical analysis, but rather on their interpretation of the relation between the DSM-IV addiction and BN criteria. 48 Increased behavior could either indicate that individuals are engaging more in the behavior to obtain i) the same e¤ect over time (tolerance) or ii) stronger e¤ects over time. Thus we say increased use is a necessary condition for tolerance, but not a su¢ cient one. 49 As noted in Becker, et al. (1994) , …nding a positive and signi…cant coe¢ cient on past experience (after using instrumental variables to purge any e¤ect of unobserved heterogeneity) is consistent with the hypothesis that the behavior under consideration is addictive. They study cigarette consumption and …nd an estimated coe¢ cient on lagged behavior that is signi…cant, positive, and less than 1 in an AR(1) process using IV techniques to address the endogeneity of lagged behavior. Note that this …nding is neither necessary nor su¢ cient to satisfy the medical de…nition of addiction. Many other interesting theories of addiction have appeared in the literature, but we would need more information than we have in the data to empirically test them. engaged in more intense BN behavior in the past (de…ned as a value of the ED-BN greater than 6).
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The threshold stock re ‡ects the idea that a person learns the harmful consequences of BN only when the intensity of the past behavior is relatively high. Note that while such stock measures could be problematic in samples with older individuals (as earlier BN behavior would be out of sample and thus unobserved), this is not an issue in our sample since the girls are quite young (ages 9-10) when …rst interviewed.
The results in Table 9 provide strong evidence against the slow learning interpretation of state dependence in BN. All results are based on 2SLS estimation where we treat the lagged ED-BN index as endogenous, include demographics and personality indices, exclude body dissatisfaction, and use interpolated values in wave 7. For comparison purposes, in the …rst column we repeat the results from column (6) of Table 6 , which includes the …rst lag of ED-BN index.
Column (2) speci…es an AR(2) process where one and two lags of the personality indices are used as IV. Further, column (3) includes one lag of the ED-BN index and the intensity stock, while column (4) replaces the intensity stock with the threshold stock. In columns (3) and (4) we use the lag and the sum over all previous waves of each personality index as IV.
Our results in column (2) show that the …rst and second lag coe¢ cients (recall that each lag is two years) are both statistically signi…cant and equal to 0:12 and 0:11; respectively.
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These results cast doubt on slow learning as a driving force in state dependence, as the latter suggests that experiencing BN for four years would most likely reduce current behavior. Further evidence against the learning interpretation comes from columns (3) and (4). If learning was important we would expect the coe¢ cients on the stock variables to be negative and statistically signi…cant, but instead they are both positive and insigni…cant. Thus we conclude that learning does not explain state dependence in the persistence of BN.
Further, in spite of negative health consequences (a number of which are readily apparent, such as in ‡ammation and irritated esophagus, tooth decay, muscle weakness, gastric rupture, and anemia), we document that young women persist in bulimic behaviors. This behavior is consistent with addiction criterion 3 (i.e., use continues despite adverse consequences). Further, there is scienti…c evidence of withdrawal in BN behaviors. For example, Colton et al. (1998) …nd withdrawal symptoms in laxative use, which is considered to be a purging behavior, and this is consistent with criterion 4. Thus based on our …ndings and medical evidence we argue that BN ful…lls at least three (criteria 1, 3, and 4), and maybe four (criterion 2, tolerance), of the medical criteria hnecessary to be classi…ed as an addiction. 50 There is not enough variation to consider an alternative stock in which past behavior contributes to the stock only if the ED-BN index is greater than 10. 51 The data are not rich enough to allow us to estimate an AR(3). This case can be made even stronger by noting that BN presents important similarities to drug and alcohol abuse. First, as noted above, medical research has found that starving, bingeing, and purging produces the same chemical e¤ect as opiates. Second, again as noted above, opioid receptor binding in the area of the brain involving the anticipation and reward of eating in bulimic women is lower than in healthy women, and that this reaction has been found in other studies of addictive behavioral disorders, including drug addiction and gambling (Bencherif et al. 2005) . Third, treatment for individuals with BN is most e¤ective if given early in the illness. Indeed, the recovery rate is close to 80% if treated within the …rst 5 years; the rate falls to 20% if treatment is delayed until after 15 years (Reas et al., 2000) . Finally, patients with BN seem to respond to treatment initially aimed at combatting drug and alcohol abuse.
First, Naltrexone, an anti-addiction opioid antagonist normally used in the treatment of alcohol dependence, has shown signs of success in normalizing eating patterns in those su¤ering from anorexia and bulimia (Marrazzi 1995) . Second, there are 12-step groups, such as Overeaters Anonymous, based on the recovery program of Alcoholics Anonymous.
Interpreting BN as an addiction has important policy implications. First, preventive educational programs should be targeted at young girls and coupled with more intense (rehabilitation) treatment at the early stages of bingeing and purging behaviors. Second, BN is currently considered a disorder, not an addiction. 52 In the majority of the states treatment for alcoholism and drug addiction is covered (either by public or employer provided insurance) whereas treatment for ED is not covered in as many states (Center for Mental Health Services Report on State Parity Laws, 2008). However, it is di¢ cult to see a reasonable justi…cation for the di¤erent views of BN given our results.
Conclusions
This is the …rst study that quanti…es the role of true state dependence and individual heterogeneity in bulimia nervosa and examines the potentially addictive nature of BN among adolescent girls. We use a panel data set, the NHLBI Growth and Health Survey, that is uniquely suited for studying these issues. A major advantage of these data is that all sample participants were evaluated regarding BN behaviors for ten years, starting when they were young (aged 9-10 years), independent of any diagnoses or treatment they had received. For each respondent the data contain i) an Eating Disorders Inventory index, developed by a panel of medical experts; ii) information on SES, and iii) information on personality characteristics.
Our use of these data produces a number of important results. First, and perhaps most importantly, we …nd that much of the persistence in bulimic behavior is due to true state dependence after controlling for individual heterogeneity. Indeed we …nd that up to two-thirds of the persistence in BN is due to the true state dependence, and that the past four years of behavior positively and signi…cantly impact bulimic behavior in the current period. We provide evidence that state dependence is not explained by slow learning about the harmful e¤ects of BN. We combine our results with other evidence in the medical literature to make the case that BN should be considered an addiction.
Surprisingly little is known about the (multivariate) factors determining the incidence of BN, and we …ll this gap in the literature. We …nd that income and race play crucial roles:
African Americans are more likely to exhibit and persist in bulimic behavior. Indeed, the estimates suggest that the impact of past behavior on current behavior is four-fold higher among African Americans. In addition, the incidence of BN is decreasing in income, and the strongest persistence (among income groups) is present in low income families. These results stand in stark contrast to the popular conceptions about who su¤ers from BN. Based on evidence here and in Goeree, Ham, and Iorio (2008) , we argue that this disparity occurs because a-uent White teenage girls are much more likely to be diagnosed with BN conditional on having it.
Our paper suggests that when a diagnosis is based on an underlying index using all the information contained in the index, in addition to the zero-one diagnosis, can be very helpful to applied researchers in obtaining precise parameter estimates. Our …ndings show the usefulness of using appropriate econometric techniques for investigating medical issues from survey data.
Our estimates are robust to di¤erent estimation methods and identifying assumptions.
Our results have several important policy implications. First, substantial outreach concerning BN should be made to low income girls, especially African Americans. Second, since state dependence is the most important cause of the persistence in BN, it is reasonable to expect that the longer an individual experiences BN the less responsive she will be to policy aimed at combatting the behavior. In this respect it is important to instruct a wide range of young women on the deleterious e¤ects of BN and the importance of getting help, especially at the ini- Notes: Income is in 1988$; * ranges from 0 to 27 (maximal dissatisfaction); ** ranges from 0 to 21 (maximal distrust); *** ranges from 0 to 29 (maximal ineffectiveness); **** ranges from 0 to 18 (maximal perfectionism). See Appendix for more detailed description of the variables. Notes: Standard errors robust to both heteroskedasticity and intra-individual correlation are in parenthesis in columns (1) and (4). Standard errors robust to intra-individual correlation are in parenthesis in (2) and (3). * indicates significant at the 10% level; ** at the 5% level; *** at the 1% level. Notes: Standard errors robust intra-individual correlation (and robust to heteroskedasticity for linear regressions) are in parentheis. * indicates significant at the 10% level; ** at 5%; *** at 1%. The variation in the sample size comes primarily from the fact that all personality indices but the body image index are not available in wave 7. Table 6 column (6). Robust clustered standard errors are in parenthesis. * significant at 10%; ** at 5% and *** at 1%. Notes: Standard errors robust intra-individual correlation . * indicates significant at 10%; ** significant at 5%; *** significant at 1%. (6) of Table 6 . Robust clustered standard errors are in parenthesis. * significant at 10%; ** at 5% and *** at 1%.
Two-Stage Least Squares Estimates
"sometimes"=4, "rarely"=5, and "never"=6 in questions 1,2,3,4,5,7, and 10; and "always"=6, "usually"=5, "often"=4, "sometimes"=3, "rarely"=2, and "never"=1 in questions 6,8, and 9.
A response of 4-6 on a given question contributes zero points to the ine¤ectiveness index; a response of 3 contributes 1 point; a response of 2 contributes 2 points; and a response of 1 contributes 3 points. The ine¤ectiveness index is a sum of all contributing points. Table A1 provides more details on the variables used in the paper. 
